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DESCRIPTION 

ANTENNA STRUCTURE AND COMMUNICATION APPARATUS INCLUDING THE SAME 

Technical Field 

The present invention relates to* an antenna structure 
capable of performing radio communication in a plurality of 
different frequency bands and to a communication apparatus 
including the antenna structure. 

Background Art 

Fig, 11a schematically shows an example of an antenna 
structure capable of performing radio communication in a 
plurality of different frequency bands. An antenna structure 
1 includes a feeding radiation electrode 2 and a non-feeding 
radiation electrode 3. The feeding radiation electrode 2 is a 
X/4 radiation electrode, and is formed by, for example, a 
conductor plate. A bent slit 4 including a U-shaped portion is 
formed in the feeding radiation electrode 2 by cutting the feeding 
radiation electrode 2 from an electrode edge. One side Q of both 
sides of the slit at the edge of the feeding radiation electrode 
that are separated by the slit 4 serves as a feeding end, and 
the other side K serves as an open end. An electrode edge 
connected to the feeding end Q serves as a short-circuited portion 
Gq for grounding. Due to the formation of the slit 4, the feeding 
radiation electrode 2 has a folded shape and includes a U-turn 
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portion T in the middle of the path from the feeding end Q toward 
the open end K. 

The non-feeding radiation electrode 3 is also formed by 
a conductor plate. A bent slit 5 including a U-shaped portion 
is formed in the non-feeding radiation electrode 3 by cutting 
the non-feeding radiation electrode 3 from an electrode edge. 
One side Gm of sides at the edge of the non-feeding radiation 
electrode that are separated by the slit 5 serves as a 
short-circuited portion for grounding, and the other side 6 of 
the sides at the edge of the non-feeding radiation electrode 
serves as an open end. The non-feeding radiation electrode 3 
is disposed adjacent to the feeding radiation electrode 2 with 
a gap therebetween such that the short-circuited portion Gm is 
adjacent to the short-circuited portion Gq of the feeding 
radiation electrode 2 with a gap therebetween. 

For example, as shown by the return loss characteristics 
in Fig. lib, a fundamental resonant frequency Fl of a resonance 
that mainly operates due to the feeding radiation electrode 2 
is in the vicinity of a fundamental resonant frequency f 1 of a 
resonance that mainly operates due to the feeding radiation 
electrode 2 and the non-feeding radiation electrode 3 that is 
electromagnetically coupled to the feeding radiation electrode 
2, and the frequencies Fl and fl produce a complex or dual 
resonance. In addition, a higher-order resonant frequency F2 
of the resonance that mainly operates due to the feeding radiation 
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electrode 2 is in the vicinity of a higher-order resonant 
frequency f2 of the resonance that mainly operates due to the 
feeding radiation electrode 2 and the non-feeding radiation 
electrode 3 that is electromagnetically coupled to the feeding 
radiation electrode 2, and the frequencies F2 and f2 produce a 
complex or dual resonance. 

The antenna structure 1 shown in Fig. 11a is capable of 
performing radio communication in four resonant frequency bands, 
that is, a fundamental resonant frequency band based on the 
fundamental resonant frequency Fl and a higher-order resonant 
frequency band based on the higher-order resonant frequency F2 
of the resonance that mainly operates due to the feeding radiation 
electrode 2 and a fundamental resonant frequency band based on 
the fundamental resonant frequency f 1 and a higher-order resonant 
frequency based on the higher-order resonant frequency f2 of the 
resonance that mainly operates due to the feeding radiation 
electrode 2 and the non-feeding radiation electrode 3 that -is 
electromagnetically coupled to the feeding radiation electrode 
2. 

The antenna structure 1 is installed on, for example, a 
circuit substrate of a radio communication apparatus. Thus, the 
short-circuited portions Gq and Gm of the feeding radiation 
electrode 2 and the non-feeding radiation electrode 3 are 
connected to a ground portion of the circuit substrate. In 
addition, the feeding end Q of the feeding radiation electrode 
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2 is connected to, for example, a high-frequency circuit 8 for 
radio communication of the radio communication apparatus. 

For example, in the antenna structure 1 shown in Fig. 11a, 
when a transmission signal is supplied from the high-frequency 
circuit 8 of the radio communication apparatus to the feeding 
end Q of the feeding radiation electrode 2, the signal supply 
causes the feeding radiation electrode 2 to resonate. At the 
same time, the signal is also supplied to the non-feeding 
radiation electrode 3 due to electromagnetic coupling, and the 
non-feeding radiation electrode 3 also resonates- Thus, due to 
the resonance operation (antenna operation) of the feeding 
radiation electrode 2 and the non-feeding radiation electrode 
3, a signal is radio-transmitted. In addition, when the feeding 
radiation electrode 2 and the non-feeding radiation electrode 

3 resonate (perform an antenna operation) due to an externally 
arrived signal (radio wave) and receive the signal, the received 
signal is transmitted from the feeding end Q of the feeding 
radiation electrode 2 to the high-frequency circuit 8. 

Patent Document 1: Japanese Unexamined Patent Application 
Publication No. 10-93332 

Disclosure of Invention 

Problems to be Solved by the Invention 

In the structure shown in Fig. 11a, the slit 4 is formed 
in the feeding radiation electrode 2. Electrostatic capacitance 



- 5 - 

is generated in the portion where the slit 4 is formed, and this 
electrostatic capacitance (C) and an inductance component (L) 
of the feeding radiation electrode 2 form an LC resonant circuit. 
The LC resonant circuit is largely involved in a resonant 
frequency of the feeding radiation electrode 2. Thus, variable 
control of the resonant frequencies Fl and F2 of the feeding 
radiation electrode 2 can be achieved by changing the position 
where the slit 4 is formed, the slit length, and the s'lit width 
in order to change a value of the electrostatic capacitance of 
the portion where the slit 4 is formed and a value of the inductance 
component of the feeding radiation electrode 2 . 

However, for example, when the slit length of the slit 4 
is increased in order to lower the higher-order resonant 
frequency F2 of the feeding radiation electrode 2, the 
fundamental resonant frequency Fl of the feeding radiation 
electrode 2 is also lowered. Thus, a problem occurs in which 
only the higher-order resonant frequency F2 cannot be lowered 
to a desired frequency. In other words, there is a problem in 
which it is difficult to individually control the fundamental 
resonant frequency Fl and the higher-order resonant frequency 
F2 of the feeding radiation electrode 2. 

In addition, when the slit length of the slit 4 is greatly 
increased in order to greatly lower the higher-order resonant 
frequency F2 of the feeding radiation electrode 2, the slit 4 
may be formed in a spiral shape (coiled shape) , for example, as 
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shown in Fig. 12. In this case, the inductance component of the 
feeding radiation electrode 2 becomes too large, and a signal, 
loss in the feeding radiation electrode 2 becomes large. Thus, 
radio wave (electric field) radiation is suppressed. In addition, 
a phenomenon occurs in which electric fields emitted from 
portions of the feeding radiation electrode 2 cancel each other. 
If the slit 4 is formed in the spiral shape, the antenna gain 
of the antenna structure 1 (the feeding radiation electrode 2) 
is reduced due to the above-mentioned phenomenon. 

It is an object of the present invention to provide an 
antenna structure that is capable of easily performing variable 
control of a higher-order resonant frequency of a feeding 
radiation electrode while hardly changing a fundamental resonant 
frequency of the feeding radiation electrode and avoiding 
reduction in an antenna gain and a communication apparatus 
including such an antenna structure. 

Means for solving the Problem 

An antenna structure according to an aspect of the present 
invention includes a feeding radiation electrode including one 
end serving as a feeding end and the other end serving as an open 
end and performing an antenna operation in a plurality of resonant 
frequency bands and a non-feeding radiation electrode 
electromagnetically coupled to the feeding radiation electrode 
and performing an antenna operation in a plurality of resonant 



frequency bands and that is capable of performing radio 
communication in at least four resonant frequency bands, the 
lowest fundamental resonant frequency band and a higher-order 
resonant frequency band higher than the lowest fundamental 
resonant frequency band among the plurality of resonant frequency 
bands of the feeding radiation electrode and the lowest 
fundamental resonant frequency band and a higher-order resonant 
frequency band higher than the lowest fundamental resonant 
frequency band among the plurality of resonant frequency bands 
of the non-feeding radiation electrode. A main slit is formed 
in the feeding radiation electrode by cutting the feeding 
radiation electrode from an electrode edge of the feeding 
radiation electrode. One side of both sides of the main slit 
at the edge of this feeding radiation electrode that are separated 
by the main slit serves as the feeding end and the other side 
of the both sides of the main slit serves as the open end. The 
feeding radiation electrode has a folded shape and includes a 
U-turn portion in the middle of a path circumventing the main 
slit from the feeding end toward the open end. A sub-slit for 
forming an open stub that is connected to the U-turn portion and 
that provides the U-turn portion with electrostatic capacitance 
is formed, independent of the main slit, in the feeding radiation 
electrode. In addition, a communication apparatus according to 
an aspect of the present invention includes the antenna structure 
having a feature unique to the present invention. 
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Advantages 

According to the aspect of the present invention, the 
feeding radiation electrode is a folded-shaped radiation 
electrode including a U-turn portion, and an open stub that 
provides the U-turn portion with electrostatic capacitance is 
provided in the U-turn portion of the folded-shaped feeding 
radiation electrode. Due to the formation of the open stub, an 
LC resonant circuit (tank circuit) formed by electrostatic 
capacitance (C) based on the open stub and an inductance component 
of the U-turn portion of the feeding radiation electrode is 
locally provided in the U-turn portion of the feeding radiation 
electrode . 

The LC resonant circuit is involved in, or affects a 
resonant frequency of the feeding radiation electrode. Due to 
the difference between current distribution of a fundamental 
resonant frequency and current distribution of a higher-order 
resonant frequency in the feeding radiation electrode, the degree 
of involvement, or effect of the LC resonant circuit in the 
higher-order resonant frequency of the feeding radiation 
electrode is dramatically larger than the degree of involvement, 
or effect of the LC resonant circuit in the fundamental resonant 
frequency of the feeding radiation electrode. Thus, by changing 
a value of electrostatic capacitance of the open stub (a value 
of electrostatic capacitance to be provided from the open stub 
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to the U-turn portion) , the higher-order resonant frequency of 
the feeding radiation electrode can be changed while hardly 
changing the fundamental resonant frequency of the feeding 
radiation electrode . 

In addition, instead of changing the higher-order resonant 
frequency by changing the shape of the electrode on the current 
channel between the feeding end and the open end of the feeding 
radiation electrode, the higher-order resonant frequency is 
changed by changing a value of electrostatic capacitance of the 
open stub. Thus, variable control of the higher-order resonant 
frequency of the feeding radiation electrode can be achieved by 
considerably suppressing fluctuations in a resonant state or 
condition (for example, a resonant frequency, the phase of a 
resonance, and a Q-value) , an impedance matching state, an 
electromagnetic coupling state between the feeding radiation 
electrode and the non-feeding radiation electrode, and the like 
in a resonant frequency band other than the higher-order resonant 
frequency band of the feeding radiation electrode. 

In addition, the open stub is provided by forming the 
sub-slit in the feeding radiation electrode. Thus, complication 
in the shape of the feeding radiation electrode can be avoided. 
In addition, the length (electrical length) of the open stub is 
changed by changing the slit length and the cut position of the 
sub-slit. Thus, a value of electrostatic capacitance of the open 
stub can be easily changed, and variable control of the 
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higher-order resonant frequency of the feeding radiation 
electrode can be achieved. 

Since miniaturization of the antenna structure is desired, 
when the feeding radiation electrode is miniaturized in response 
to the desire, the electrical length of the feeding radiation 
electrode is reduced. Thus, it is difficult to lower the 
fundamental resonant frequency and the higher-order resonant 
frequency of the feeding radiation electrode. In contrast, in 
the present invention, since the main slit is formed in the feeding 
radiation electrode, due to electrostatic capacitance generated 
in the portion where the main slit is formed, the fundamental 
resonant frequency and the higher-order resonant frequency of 
the feeding radiation electrode can be lowered easily. Moreover, 
since the main slit is bent and includes a U-shaped portion, the 
slit length of the main slit is longer than that of a main slit 
having a linear shape. Thus, a value of the electrostatic 
capacitance of the main slit can be increased, and an inductance 
component of the feeding radiation electrode can be increased. 
Accordingly,, the fundamental resonant frequency and the 
higher-order resonant frequency of the feeding radiation 
electrode can be much lowered while miniaturizing the feeding 
radiation electrode. 

In addition, the feeding radiation electrode is bent in 
accordance with a virtual extension line of the sub-slit serving 
as a bending line. Thus, advantages described below can be 



achieved. For example, when the feeding radiation electrode is 
disposed on the circuit substrate such that an electrode face 
of the feeding radiation electrode is substantially parallel to 
the substrate face of the circuit substrate, by bending the open 
stab of the feeding radiation electrode toward the circuit 
substrate in accordance with the bending line, which is the 
virtual extension line of the sub-slit, to dispose the open stub, 
for example, in a direction perpendicular to the circuit 
substrate, the area of the circuit substrate occupied by the 
antenna structure can be reduced. In other words, 
miniaturization in the antenna structure can be achieved. 

In addition, since the feeding radiation electrode and the 
non-feeding radiation electrode are mounted on a dielectric 
substrate, the electrical length of each of the feeding radiation 
electrode and the non-feeding radiation electrode can be 
increased due to an advantage in shortening of a wavelength by 
the dielectric substrate. Thus, compared with a case where the 
feeding radiation electrode and the non-feeding radiation 
electrode are not mounted on the dielectric substrate, the 
physical length of the feeding radiation electrode and the 
non-feeding radiation electrode to achieve a desired resonant 
frequency can be reduced. Thus, miniaturization of the antenna 
structure can be advanced. 

Each of an edge of the open end of the feeding radiation 
electrode and an edge of the non-feeding radiation electrode that 
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is adjacent to the edge of the feeding end of the feeding radiation 
electrode with a gap therebetween serves as a short-circuited 
portion for grounding, and the distance between outline sides, 
which face each other, of the feeding radiation electrode and 
the non-feeding radiation electrode that are adjacent to each 
other increases in a direction from an end of the short-circuited 
portion of each of the outline sides to an end opposite to the 
end of the short-circuited portion. Thus, an advantage in which 
the electromagnetic coupling state or condition between the 
feeding radiation electrode and the non-feeding radiation 
electrode can be easily controlled is achieved. In other words, 
it is desirable that the feeding radiation electrode and the 
non-feeding radiation electrode be capable of producing an 
excellent complex resonance in the electromagnetic coupling 
state. In contrast, when the distance between the feeding 
radiation electrode and the non-feeding radiation electrode is 
reduced in order to miniaturize the antenna structure, mutual 
interference between the feeding radiation electrode and the 
non-feeding radiation electrode caused by too strong 
electromagnetic coupling between the feeding radiation electrode 
and the non-feeding radiation electrode prevents an excellent 
complex resonance. Thus, the distance between portions with a 
strong electric field (that is, portions away from the 
short-circuited portions) of the feeding radiation electrode and 
the non-feeding radiation electrode is increased. Thus, since 
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the too strong electromagnetic coupling between the feeding 
radiation electrode and the non-feeding radiation electrode can 
be moderated, an electromagnetic coupling state between the 
feeding radiation electrode and the non-feeding radiation 
electrode achieving an excellent complex resonance can be easily 
realized without increasing the size of the antenna structure. 

Each of the feeding radiation electrode and the non-feeding 
radiation electrode is provided at an end on a shorter side of 
a rectangular substrate (for example, a circuit substrate) such 
that the short-circuited portion is connected to the shorter side 
of the substrate. Thus, radio waves attracted from the feeding 
radiation electrode and the non-feeding radiation electrode to 
the circuit substrate can be suppressed, and radio waves can be 
easily emitted from the antenna structure to the outside. 
Therefore, the antenna gain of the antenna structure can be 
improved . 

At least one of the feeding radiation electrode and the 
non-feeding radiation electrode is one of a plurality of 
radiation electrodes. Thus, the number of resonant frequency 
bands in which the antenna structure is capable of performing 
radio communication is easily increased. 

A communication apparatus including the antenna structure 
having a feature unique to the present invention is capable of 
performing radio communication in a plurality of resonant 
frequency bands with an excellent sensitivity without increasing 
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the size of the communication apparatus. 

Brief Description of the Drawings 

Fig. la is an illustration for explaining an antenna 
structure according to a first embodiment. 

Fig. lb is an illustration for explaining an example of 
the arrangement of a feeding radiation electrode and a non- 
feeding radiation electrode shown in Fig. la on a substrate. 

Fig. Ic is a graph showing an example of the return loss 
characteristics of the antenna structure according to the first 
embodiment . 

Fig. 2 is an illustration for explaining an example of 
current distribution and voltage distribution of a radiation 
electrode . 

Fig. 3 is a model diagram showing an antenna structure 
described in Patent Document 1. 

Fig. 4a is an illustration for explaining another example 
of a sub-slit formed in the feeding radiation electrode. 

Fig. 4b is an illustration for explaining another example 
of the sub-slit formed in the feeding radiation electrode. 

Fig. 5 is a model diagram for explaining an antenna 
structure according to a second embodiment. 

Fig. 6 is a model diagram for explaining an antenna 
structure according to a third embodiment. 

Fig. 7a is an illustration for explaining an antenna 
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structure according to a fourth embodiment. 

Fig. 7b is a graph showing an example of the return loss 
characteristics of the antenna structure according to the fourth 
embodiment . 

Fig. 8a is a model diagram for explaining an example of 
the antenna structure having a feature unique to a fifth 
embodiment . 

Fig. 8b is a model diagram for explaining another example 
of the antenna structure having a feature unique to the fifth 
embodiment . 

Fig. 8c is a model diagram for explaining another example 
of the antenna structure having a feature unique to the fifth 
embodiment . 

Fig. 9 is an illustration for explaining another 
embodiment . 

Fig . 10 is a model diagram showing an example when a sub-slit 
for forming an open stub is formed in a non-feeding radiation 
electrode . 

Fig. 11a is an illustration for explaining an example of 
an antenna structure. 

Fig. lib is a graph showing an example of the return loss 
characteristics of the antenna structure shown in Fig. 11a. 

Fig. 12 is a model diagram showing a structural example 
when a main slit having a spiral shape (coiled shape) is formed 
in a feeding radiation electrode. 
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Reference Numerals 

1 antenna structure 

2 feeding radiation electrode 

3 non-feeding radiation electrode 

4 main slit 
10 sub-slit 
12 open stub 

15 dielectric substrate 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention will be described with 
reference to the drawings. 

Fig. la is a perspective view schematically showing an 
antenna structure according to a first embodiment. In the 
explanation of the first embodiment, the same parts as in the 
antenna structure shown in Fig. 11a are referred to with the same 
reference numerals and the descriptions of those same parts will 
not be repeated here. 

The antenna structure 1 according to the first embodiment 
includes the feeding radiation electrode 2 and the non-feeding 
radiation electrode 3. For example, as shown by the return loss 
characteristics represented by the solid line in Fig. Ic, the 
antenna structure 1 is capable of performing radio communication 
in four resonant frequency bands, that is, a fundamental resonant 



frequency band on a feeding side based on the fundamental resonant 
frequency Fl and a higher-order resonant frequency band on the 
feeding side based on the higher-order resonant frequency F2 of 
the feeding radiation electrode 2 and a fundamental resonant 
frequency band on a non-feeding side based on the fundamental 
resonant frequency f 1 and a higher-order resonant frequency band 
on the non-feeding side based on the higher-order resonant 
frequency f2 of the non-feeding radiation electrode 3. 

In addition, in the first embodiment, as shown in Fig. lb, 
the feeding radiation electrode 2 and the non-feeding radiation 
electrode 3 are provided, for example, at an end on a shorter 
side of a circuit substrate (rectangular substrate) 9 of a radio 
communication apparatus such that the short-circuited portions 
Gq and Gm are disposed adjacent to each other and such that the 
short-circuited portions Gq and Gm are connected to the shorter 
side of the substrate. 

In the first embodiment, the substantially U-shaped main 
slit 4 is formed in the feeding radiation electrode 2. Thus, 
the feeding radiation electrode 2 is a folded-shaped radiation 
electrode including the U-turn portion T. In addition to the 
main slit 4, a sub-slit 10 is formed in the feeding radiation 
electrode 2; 

One side portion and the other side portion of the main 
slit 4 separated by the main slit 4 have the feeding end Q and 
the open end K respectively. The sub-slit 10 is formed by cutting 
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the feeding radiation electrode 2 from an electrode edge of the 
open end K. And the sub-slit 10 extends along an outline side 
of the feeding radiation electrode 2 in a direction toward 
the U-turn portion T of the feeding radiation electrode 2. Due 
to the sub-slit 10, an open stub 12 that provides the U-turn 
portion T with electrostatic capacitance is formed. 

Due to the formation of the open stub 12, an equivalent 
LC resonant circuit (tank circuit) is locally formed in the U-turn 
portion T of the feeding radiation electrode 2 by electrostatic 
capacitance (C) of the open stub 12 and an inductance component 
(L) of the U-turn portion T. 

Fig. 2 illustrates examples of current distribution and 
voltage distribution of the fundamental resonant frequency Fl 
(fundamental wave) and current distribution and voltage 
distribution of the higher-order resonant frequency F2 
(higher-order wave (third harmonic wave) ) in the feeding 
radiation electrode 2. As is clear from Fig. 2, the U-turn 
portion T of the feeding radiation electrode 2 defines a 
higher-order-wave maximum current distribution region and does 
not define a fundamental-wave maximum current distribution 
region. Thus, the LC resonant circuit formed by the open stub 
12 is greatly involved in the higher-order resonant frequency 
F2 and has a small influence on the fundamental resonant frequency 
Fl . Thus, by changing the electrostatic capacitance to be 
provided from the open stub 12 to the U-turn portion T, variable 
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control of the higher-order resonant frequency F2 can be achieved 
while hardly changing the fundamental resonant frequency Fl of 
the feeding radiation electrode 2. 

For example, when the electrostatic capacitance of the open 
stub 12 is increased by increasing the slit length of the sub-slit 
10, the higher-order resonant frequency F2 on the feeding side 
can be lowered to a higher-order resonant frequency F2 ' , as shown 
by the wave line a in Fig. Ic. Moreover, fluctuations due to 
variable control of the higher-order resonant frequency F2 in 
a resonant state of other resonant frequency bands (for example, 
a resonant frequency, a Q-value, and the phase of a resonance) , 
an impedance matching state, and an electromagnetic coupling 
state between the feeding radiation electrode 2 and the non- 
feeding radiation electrode 3 can be suppressed. 

An example shown by a model diagram of Fig. 3 in which two 
slits 21a and 21b are formed in a radiation electrode 20 is 
described in Patent Document 1. In Fig. 3, reference numeral 
22 denotes a grounding conductor plate for connecting the 
radiation electrode 20 to the ground, reference numeral 23 
denotes a feeding pin for connecting the radiation electrode 20 
to a high-frequency circuit 24, and reference numeral 25 denotes 
a grounding plate . 

In Patent Document 1, the radiation electrode 20 is divided 
into a plurality of sections by forming the slits 21a and 21b 
in the radiation electrode 20, so that the radiation electrode 
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20 performs a plurality of resonances. In other words, the 
structure described in Patent Document 1 is equivalent to a state 
in which a plurality of radiation electrode parts 20A, 20B, and 
20C is connected to the common feeding pin 23 (the high-frequency 
circuit 24) . That is, the slits 21a and 21b are provided for 
forming the plurality of radiation electrode parts 20A, 20B, and 
20C and for causing the radiation electrode 20 to perform a 
plurality of resonances. 

In contrast, in the structure of the first embodiment, the 
main slit 4 of the feeding radiation electrode 2 is provided for 
controlling the fundamental resonant frequency Fl and the 
higher-order resonant frequency F2 of the feeding radiation 
electrode 2, and the sub-slit 10 is provided for forming the open 
stub 12 that provides the U-turn portion T of the feeding radiation 
electrode 2 with electrostatic capacitance. As described above, 
the m.ain slit 4 and the sub-slit 10 shown in the first embodiment 
have functions different from the slits 21a and 21b of the 
radiation electrode 20 described in Patent Document 1. The 
unique structure of the first embodiment in which the main slit 
4 for controlling resonant frequencies and the sub-slit 10 for 
forming an open stub are formed in the feeding radiation electrode 
2 is innovative. 

In the example shown in Fig. la, the sub-slit 10 has a linear 
shape. However, the shape of the sub-slit 10 is not particularly 
limited as long as the sub-slit 10 is capable of forming the open 



stub 12 that provides the U-turn portion T of the feeding radiation 
electrode 2 with electrostatic capacitance. For example, in 
order to increase the slit length of the sub-slit 10 to lower 
the higher-order resonant frequency F2 of the feeding radiation 
electrode 2, the sub-slit 10 may extend along the outline side 
2sx; of the feeding radiation electrode 2 by cutting the feeding 
radiation electrode 2 from an electrode edge of the open end K 
and then be bent toward the U-turn portion as shown in Fig. 
4a. 

In addition, in order to increase the slit length of the 
sub-slit 10 to be longer than the slit length in the example shown 
in Fig. la or Fig. 4a, for example, the sub-slit 10 may have a 
shape shown in Fig. 4b. The sub-slit 10 shown in Fig. 4b has 
an L shape and is formed by branching from the main slit 4 on 
the electrode cut side of the main slit 4 and extending along 
outline sides 2^^ and 2sl of the feeding radiation electrode 2. 

Second embodiment is described next. In the explanation 
of the second embodiment, the same parts as in the first embodiment 
are referred to with the same reference numerals and the 
descriptions of those same parts will not be repeated here. 

In the second embodiment, as shown by a model diagram of 
Fig. 5, the feeding radiation electrode 2 has a shape in which 
the open stub 12 is bent toward the circuit substrate 9 in 
accordance with a virtual extension line (3 of the sub-slit 10 
shown by a dotted line in Fig. 5. 
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In the second embodiment/ since the open stub 12 is a portion 
that is not involved in radio wave radiation, the open stub 12 
can be bent without considering deterioration of a radio wave 
radiation state. Due to bending of the open stub 12, the area 
of the circuit substrate 9 occupied by the antenna structure 1 
(the feeding radiation electrode 2) can be reduced (that is, the 
antenna structure 1 can be miniaturized) . The other structural 
features are similar to those in the first embodiment, and 
advantages similar to those of the first embodiment can be 
achieved. 

A third embodiment is described next. In the explanation 
of the third embodiment, the same parts as in the first and second 
embodiments are referred to with the same reference numerals and 
the descriptions of those same parts will not be repeated here. 

In the third embodiment, as shown in Fig. 6, the distance 
D between outline sides 2sr and 3sl/ which face each other, of 
the feeding radiation electrode 2 and the non-feeding radiation 
electrode 3 that are adjacent to each other increases in a 
direction from the short-circuited portions Gq and Gm of the 
outline sides 2sr and 3^-^ toward an end E opposite to the 
short-circuited portions Gq and Gm. 

The other structural features are similar to those in the 
first and second embodiments. In the example shown in Fig. 6, 
an example when the structure unique to the third embodiment is 
applied to the structure shown in the first embodiment is 
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illustrated. However, obviously, the structure of the third 
embodiment may be applied to the antenna structure 1 shown in 
the second embodiment in which the open stub 12 is bent. 

Advantages similar to those in the first and second 
embodiments can be achieved in the third embodiment . In addition, 
the third embodiment achieves an advantage in that an 
electromagnetic coupling state between the feeding radiation 
electrode 2 and the non-feeding radiation electrode 3 can be 
controlled easily and in that an excellent complex resonance of 
the feeding radiation electrode 2 and the non-feeding radiation 
electrode 3 can be easily achieved. 

A fourth embodiment is described next. In the explanation 
of the fourth embodiment, the same parts as in the first to third 
embodiments are referred to with the same reference numerals and 
the descriptions of those same parts will not be repeated here. 

In the fourth embodiment, as shown in Fig. 7a, in addition 
to the feeding radiation electrode 2 and the non-feeding 
radiation electrode 3, a non-feeding radiation electrode 14 is 
provided. The non-feeding radiation electrode 14 is 
electromagnetically coupled to the feeding radiation electrode 
2 via the non-feeding radiation electrode 3. The non-feeding 
radiation electrode 14 includes a short-circuited portion Gn for 
grounding. The feeding radiation electrode 2, the non-feeding 
radiation electrode 3, and the non-feeding radiation electrode 
14 are aligned in a line such that the short-circuited portions 



Gq, Gm, and Gn are aligned with respect to each other. 

As shown by the return loss characteristics in Fig. 7b, 
the antenna structure 1 according to the fourth embodiment is 
capable of including, in addition to four resonant frequency 
bands based on the feeding radiation electrode 2 and the 
non-feeding radiation electrode 3, another resonant frequency 
band based on a resonant frequency fa of the non-feeding radiation 
electrode 14, 

Structural features of the fourth embodiment other than 
the structural feature relating to the non-feeding radiation 
electrode 14 are similar to those in the first to third embodiments . 
In the example shown in Fig. 7a, the feeding radiation electrode 
2 and the non-feeding radiation electrode 3 have structures as 
in the first embodiment. However, the feeding radiation 
electrode 2 and the non-feeding radiation electrode 3 may have 
the structure as in the second or third embodiment. 

Fifth embodiment is described next. In the fifth 
embodiment, the same parts as in the first to fourth embodiments 
are referred to with the same reference numerals and the 
descriptions of those same parts will not be repeated here. 

In the fifth embodiment, as shown in Figs. 8a, 8b, and 8c, 
the feeding radiation electrode 2 and the non-feeding radiation 
electrode 3 described in the first, second, or third embodiment 
and the non-feeding radiation electrode 14 described in the 
fourth embodiment are mounted on a dielectric substrate 15 made 
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of, for example, dielectric ceramics or a compound dielectric 
material. The other structural features are similar to those 
in the first to fourth embodiments. 

In the fifth embodiment, since the feeding radiation 
electrode 2 and the non-feeding radiation electrodes 3 and 14 
are mounted on the dielectric substrate 15, due to an advantage 
in shortening of a wavelength by dielectric medium, the 
electrical length of each of the feeding radiation electrode 2, 
the non-feeding radiation electrode 3, and the non-feeding 
radiation electrode 14 can be increased. Thus, the radiation 
electrodes 2, 3, and 14 can be miniaturized. In other words, 
miniaturization of the antenna structure 1 can be easily 
achieved. 

Sixth embodiment is described next. The sixth embodiment 
relates to a communication apparatus. The communication 
apparatus according to the sixth embodiment includes the antenna 
structure 1 described in the first, second, third, fourth, or 
fifth embodiment. Since the antenna structure 1 has been 
described above, the description of the antenna structure 1 will 
be omitted. In addition, apart from the antenna structure 1, 
various structures may be adopted for the communication apparatus . 
Any structure can be adopted, and the description of the structure 
of the communication apparatus is omitted here. 

The present invention is not limited to each of the first 
to sixth embodiments, and various modifications can be made to 



the present invention. For example, in the fifth embodiment, 
the feeding radiation electrode 2 and the non-feeding radiation 
electrodes 3 and 14 are formed by conductor plates, as in each 
of the first to fourth embodiments. However, the feeding 
radiation electrode 2 and the non-feeding radiation electrodes 
3 and 14 may be formed by conductor films produced on an outer 
surface of the dielectric substrate 15 by a film d'eposition 
technology, such as sputtering, vapor deposition, or printing. 

In addition, for the return loss characteristics shown in 
Fig. Ic or Fig. 7b, an example in which a fundamental resonant 
frequency band of the feeding radiation electrode 2 and a 
fundamental resonance frequency band of the non-feeding 
radiation electrode 3 produce a complex resonance and the width 
of the fundamental resonant frequency bands is increased is 
described. However, for example, when each of the fundamental 
resonant frequency bands of the feeding radiation electrode 2 
and the non-feeding radiation electrode 3 has a bandwidth in which 
radio communication can be performed satisfactorily only in the 
individual fundamental resonant frequency band, the fundamental 
resonance frequency band of the feeding radiation electrode 2 
and the fundamental resonant frequency band of the non-feeding 
radiation electrode 3 may be independent of each other, for 
example, as shown by the return loss characteristics in Fig. 9, 
instead of producing a complex resonance by the fundamental 
resonant frequency band of the feeding radiation electrode 2 and 
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the fundamental resonant frequency band of the non-feeding 
radiation electrode 3. 

In addition, in the fourth embodiment, the non-feeding 
radiation electrode 14 is provided, in addition to the feeding 
radiation electrode 2 and the non-feeding radiation electrode 
3. However, in addition to the feeding radiation electrode 2 
and the non-feeding radiation electrode 3, two or more non- 
feeding radiation electrodes may be provided. Alternatively, 
in addition to the feeding radiation electrode 2 and the 
non-feeding radiation electrode 3, one or more feeding radiation 
electrodes may be provided, instead of providing another 
non-feeding radiation electrode. Alternatively, a plurality of 
feeding radiation electrodes and a plurality of non-feeding 
radiation electrodes including the feeding radiation electrode 
2 and the non-feeding radiation electrode 3 described in any of 
the first to fifth embodiments may be provided. When three or 
more radiation electrodes are provided as described above, such 
radiation electrodes are aligned in a linjS such that short- 
circuited portions are aligned on the same side. 

In addition, the open stub 12 is provided by forming the 
sub-slit 10 in the feeding radiation electrode 2 in each of the 
first to sixth embodiments . However, for example, as shown by 
a model diagram in Fig. 10, in addition to the feeding radiation 
electrode 2, the non-feeding radiation electrode 3 is provided 
with an open stub 16 that provides the U-turn portion of the 
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non-feeding radiation electrode 3 with electrostatic capacitance 
by forming a sub-slit 11, which is similar to the sub-slit 10 
of the feeding radiation electrode 2 described in each of the 
first to fifth embodiments, for forming the open stub. 

In this case, variable control of the higher-order resonant 
frequency f2 of the non-feeding radiation electrode 3, as well 
as the higher-order resonant frequency F2 of the feeding 
radiation electrode 2, can be performed easily. Although a 
structural example in which the sub-slit 17 for forming an open 
stub is formed in the non-feeding radiation electrode 3 of the 
antenna structure 1 described in the first embodiment is shown 
in Fig. 10, obviously, the sub-slit 17 for forming an open stub 
may be formed in the non-feeding radiation electrode 3 of the 
antenna structure 1 according to each of the second to fifth 
embodiments. In addition, the non-feeding radiation electrode 
3 may include the open stub 16 that is bent in accordance with 
a virtual extension line of the sub-slit 17 serving as a bending 
line. 

Industrial Applicability 

Since a structure easily achieving excellent radio 
communication in a plurality of required frequency bands is 
provided, the present invention is effective for, for example, 
an antenna structure and a communication apparatus used for a 
plurality of radio communication systems in common. 



